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SAM Geothermal Analysis

INTRODUCTION TO SAM
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What is SAM? L~

The System Advisor Model (SAM) is a free computer program that
calculates a renewable energy system’s energy output, and
calculates the cost of energy for a renewable energy project over the
life of the project.
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What can you do with SAM? @

 Model solar, wind, and geothermal power systems in a
single application

« Access high-quality performance and economic models
developed by NREL, Sandia, and other partners

« Evaluate and compare options using consistent models
across technologies

e Calculate economic metrics such as LCOE, NPV,
payback for projects in different markets

« Perform parametric and uncertainty analyses

* Present modeling results in graphs and tables
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Technologies & Markets @

Photovoltaics * Residential, commercial, and
utility-scale projects
« Concentrating Solar Power

- Parabolic Troughs » Installation and operating costs
 Power Towers
» Dish-Stirling

« Tax credit and payment
« Solar Water Heating incentives

*  Wind turbines and farms « Complex electric utility rates

« Geothermal power plants

Key outputs
Key outputs « Levelized Cost of Electricity
_ (LCOE)
 Hourly energy production . Payback
(kWh) o

_ Net present value
- Capacity factor «  Multi-year cash flow 6
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Background @
ENERGY i iNREL ()

MATIONAL REMEWABLE ENERGY LABORATORY

Laboratories

Developed by the Department of Energy, National
Renewable Energy Laboratory, and Sandia National
Laboratories

Vision
— Model different renewable energy projects in a single

platform

— Facilitate technology comparison by handling performance,
costs and financing consistently across technologies

— Make high-quality performance models developed by NREL,
Sandia, and other partners available to the public
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Users and Applications

Feasibility studies

— Project developers, Federal Energy
Management Program

Use as benchmark for other models
— System integrators and utilities

Research projects
— Universities and engineering firms

Plant acceptance testing for parabolic trough
systems

Evaluate technology research opportunities and
grant proposals

— Department of Energy

National Renewable Energy Laboratory

35,000+ Downloads

Manufacturers
Engineering Firms
Consultants
Developers
Venture Capitalists
Policy Analysts
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Current Development Team @

Management Concentrating Solar
— Nate Blair, NREL Power
Programming — Mark Mehos, NREL
— Aron Dobos, NREL — Craig Turchi, NREL
— Steven Janzou, NREL*  Water Heating
— Tom Ferguson, NREL* — Jay Burch, NREL
PV Model Validation — Craig Christensen, NREL
— Chris Cameron, Sandia  Geothermal
Photovoltaics — Chad Augustine, NREL
— Bolko von Roedern, Documentation and User
NREL Support

— Paul Gilman, NREL*

* Contractors 9
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Geothermal Modeling capabilities in SAM ]

SAM has two models related to geothermal electricity production:
Geothermal Power, and Geothermal Co-Production

« Geothermal power model

— Based on the “Geothermal Electricity Technology Evaluation
Model” (GETEM)

— Performance model is run monthly over lifetime of project
— Lookup resource information for locations in continental US
— Predicts resource degradation over years

— Accounts for parasitic losses from pumps

« Geothermal co-production model

— Simple calculation of thermal or utilization efficiency to determine
electrical output from thermal energy available, no simulation

— Choose between theoretical models, or model output based on a

PureCycle unit
y 10
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Downloading SAM w

http://www.nrel.gov/analysis/sam
1) Sign in 2) Complete registration form 3) Download

LiNREL

TEOMAL REMEWABLE ENERGY LABORATORY

NREL HOME

T NREL HN=H VTN SCIENCE & TECHNOLOGY | TECHNOLOGY TRANSFER | APPLYING TECHNOLOGIES

Energy Analysis

System-Advisor Model (SAM)

4 S54M Home

Background Download SEAC Sll'ﬂtﬁ‘gic I":llf'l'g‘_.'

Download Current Official Release Analysis Center

System Advisor Model (SAM) Yersion 2011.5.4 is now available. :
SAM Templates Energy Analysis
System Cost Data « Sign in to download SAM 2011.5.4 (Windows XP/Vista/7, Mac OS5 X Intel) Newsletter »

Publications

B FEATURES

Highlights:
Support
Nancing Options including All Equity Partnership Flip,
o Flip, Sale-Leaseback, and Single Cwner.
merged existing financial models into Residential,
PPA, and Independent Power Producer
arithm for one axis tracking PV systems
el can accept hourly energy production input, calculated by

Frequently Asked
Questions {FAQs)

Related Links

Contacts .
s (Generic pow
an external m
+ Added enhanced temperature correction algorithms for CEC PY module
maunting options
& Utility scale wind model with access to hourly wind datasets at various hub
heights
s Added Geothermal Co-Production model for coproducing geothermal power at
the =ite af an oil or gas well
+ More detailed breakout of PV cost inputs 11
* MNumerous bug fixes and usability improvements throughout.
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Getting Help

Online Help and User Guide

— Help menu and buttons

SAM Website

— http://lwww.nrel.gov/analysis/sam

Google Groups

— http://groups.google.com/group/sam-
user-group

Email User Support

— solar.advisor.support@nrel.gov

@ System Advisor Model Help

[=[=] = ]

SAM Help

Contents || Search

° About SAM
[ General Reference
:
® The Main Window
* Manage Cases
Review and Modify Inputs
° Run Simulations

Review Results
Get Help

° Work with MNotes
File Formats

Menus

® Convert from Version 3.0

Working with Numeric Ranges

® Technology and Market Window

Input Page Reference

Configuring Simulations

Results

* Viewing Graphs of Time Series Data
(DView)

Advanced Topics

° References

© 2010 National Renewable Energy
Laboratory

Start a Project i AR (* ]

When you start SAM, it displays a Welcome window with three
options for starting a project.

Start from a sample file creates a project file that contains a
complete set of inputs and results. Each sample file demonstrates
either a feature of the software or one of the technologies.

Start a new project displays the Technology and Market window
where you choose options for a new project file. When you start a
new project in this way, all of the variables on the input pages are
populated with default values, but no results are displayed on the
Results page until you configure and run simulations.

Open a recent file allows you to choose from a list of project files.
The list contains project files that were saved during previous SAM
sessions.

Sample Files

Sample files are a good place to start when you are first learning
SAM. Each sample file contains a set of cases that demonstrate how
to model different types of projects.

When you open a sample file, SAM creates a new project file with
the .zsam extension using the name of the sample file.

SAM displays the software version and the project file name in the
main window's title bar.

Note. When you install SAM, it creates the SAM
Projects folder in your default documents folder and
uses this as the default location for storing project
files. You can change the default project file location
by clicking Preferences in the File Menu.

To open a sample file:

1. On the Welcome page, scroll through the list of sample files,
and double-click the file name for a system or analysis
example.

Start from a sample file

5 Sample Files
Combined Multiple PV Systems Example
= Custom HTF Example

Excel Sample

=
= PV Battery Sterage Sample
DV Shading Evamnle




SAM Geothermal Analysis

MODELING A GEOTHERMAL
FACILITY
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Initial Screen L~

SAM'’s current startup screen

— Click the “Create a new file...” button to create a case and choose
the technology option and financing option

© sAM 2011.5.4

File Case Results Simulations Dewveloper Help

E:E N R E L Welcome to SAM 2011

NATIOMAL RENEWABLE ENEMGY LABORATORY

Enter a new project name to begin Mews from the SAM team @ NREL

My project | [ Create anew file..,

s
ay 2011: iWhare are the sampis flias? For Sam =
11.5.4, we decided to remave some of the sample files
the list available on the File menu because opening a
ile is effectively the same as creating a new case.
files did ot show the full range of technologies
options you can model in SAM. By starting
le file, many people were not aware of the full
ptions in Sak. when you create a new case or
see all of the available options.

The default input walues are inkended to illustrate System Advisor's use, The
data are meant to be realistic, but not ta represent values For a specific
project, Input walues will vary depending on the market, technology and
geographic lacation. Mew developments, policy changes, and price volatility
mean that default values may be out of date or inappropriake, Before using
results, be sure ta review allinputs and determine whether they are
appropriake for wour analysis,

Additional resources for getting started with SAM

To get started in Sal, click Create Mew File, and then —
choose a technology and financing option appropriate for

A
a Open a sample S4M file. .. your analysis.
For more on this subject, see the SaM forum topic,
e bl

o Q‘ Follow the discussion st the SAM Goodls Group... 4 May 2011: The S&M team is pleased to announce the
official release of SaM 2011.5.4, This latest version of SaM
includes nesw financial models for wtility-scale power

projects, MREL partnered with a financial consulting firm to
Brawse the online help systenm... develop models for leveraged partnership flip, all equity

Open a recent file

|£

I1.psf {Home /Documents] _hourly_geothermal_test.zsam
11 .psf{Home/Documents/test_geotherm_co-pro.zsam



Choosing to model geothermal

1) Click on “Geothermal”

2) Select the “Geothermal Power” sub-category.

— With the technology sub-category selected, the appropriate
financing categories will appear.

3) Click on “Utility Market”
4) Select IPP

1. Select a technology:

Photovoltaics
Direct conversion of sunlight to electricity using

Concentrating Solar Power,
CEP systermns use mirrors of lenses
generate a heat source for canwenti

Generic System
The sirnplast plant rrodel that uses a narneplate size an
capacity Factar or uzer supplied praduction prafile.

Solar Water Heating
Conwersion of sunlight to thermal energy For praducing
domestic hot water,

Wind
Wlind zysternz capture ensergy frarn blawing wind to tum the
blades of a windmill or torbine,

Geothermal
Geathermal systems extract heat energy from the relatively
large haat content of the earth For conventional power cycles,

' Geothermal Power
Geothermnal power plants generate alectricity by
= citracting heat stored within the earth,

T]a i Geothermal Co-Production
IR _o-Froducing geathermal heat with an il ar gas well

Fl

Geothermal Hourly
Experimental houdy geothermal model,

e

£

2. Select a financing option:

. Utility Market
Financial models appropriate For wtility scale power projects,

Independent Power Producer
Thiz option is the same as the Litility IPP fnancing options
in older versions of SAM. & powver generation praject
developed and ovwned by a single entity that sells
alectricity at 2 price negotizted through 2 power purchaze
agreernent (PPA&], You specify a target IRR, with aptional
constraints on the minirmuam DSCR, positive cash Aow, debt
Fraction, etc, SAM calculates the project PPA price, IRR,
and MP%. This option is a simplified version of the Single
Charner option,

Advanced
Advanced financial rodels appropriake for tilicy scale
PuEr projects,

H Cancel ]




Inputs - General w

The case you
created becomes
a tab.

€ SAM 2011.5.23: untitled]

File Case Results Simulations Dewveloper Help

EEX

4

#2 My project

Select Technology and Market... [ Geothermal, Independent Power Producer ] 9

System Summary 2 :

Financing )

rSystem Summary

Mameplate Capacity 15000 |k

Tatal Direct Cosk 52,842,526.87 |§
Total Installed Cost 63,146,5819.61 |§
Tatal Installed Cost per Capacity 4,209.79 |k

Analysis Period years
Inflation Rate %

Dregradation: 1 9 per year

v ailability: 100 % Real Discounk Rate °.-"o

Geothermal System Costs

Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Annual Performance

Select different
input pages by
clicking an item
in this list

[+

Total Installed: $ 63,146,820
Est. per Capacity ($kW): § 4,210

Resource

—n

Input pages specific to

R geothermal; other pages
are similar across

technologies

Plant Capacity: 15 M
Dresign Termnp: 200 'C

Energy Payment Dispatch

User Yariables

Run the model
N e

vE =




Geothermal model input requirements &

Resource information
— temperature, depth, flow rate, and type (hydrothermal or EGS)

Costs
— Drilling, exploration, production, and injection
— Plant, piping and related equipment
— Pumps and casing
— O&M

Financial assumptions
— Loan parameters for all projects
— Target IRR for utility projects
— Incentives and tax credits

Reservoir parameters to calculate pressure change across
the reservoir

17
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Inputs — Geothermal Resource

SAM can lookup geothermal resource data for many places in the

continental US

© SAM 2011.5.23: untitled1

&3 My project

File Case Results Simulations

Developer Help

Select Technology and Market. ., ] [ Geothermal, Independent Power Producer ]

System Summary

Financing
Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 1 % per year
Avvailability: 100 %6

Geothermal System Costs

Total Installed: § 63,146,520
Est. per Capacity (k00 § 4,210

Resource

Ternp: 200 'C
Depth: 2000 rn

Plant and Equipment

Plant Capacity: 15 R
Dresign Temp: 200 'C

Energy Payment Dispatch

User Yariables

)

rResource Characterization

Al

(&) Hydrothermal
() Enhanced Geathermal System (EGS)

Resource Type:

[ Lookup temp and depth For a location. ..

Total Resource Potential 210 |mMw

Resource Temperature 200 |'C

Resource Depth 2000 |m

rReservoir Parameters

() Enter change in pressure across the reservair in units of psi-h per 1000 |b:
() Calculate the reservair pressure change using simple fracture Flow (EGS only)

(%) Calculate the reservair pressure change using permeahility * area

Width 500 |m

Height m

Permeability 0.05 |Darcy units

Distance From Injection ko Production Wells 1500 |m

Fracture aperature 0.0004 |m

Mumber of fractures
Frackure width 175 |m

Fracture angle 15 |deqg from horizontal

Subsurface water loss 2 |% of water injected

J1111 0

rCalculated Design

Pressure change across reservoir |
Average reservoir kemperature |

Production well bottbom hole pressure |

951,764 |psi | 65.6215 |bar
a2 [F | 200 [
165808 [psi | 114,321 |bar

Messages:




Inputs — Geothermal Resource w

Clicking the “Lookup temp and depth for a location...” button will bring up
the Geothermal Resource Lookup dialog box

If SAM finds data for the
location, it will display a
temperature vs. depth
graph. Then you can have
SAM automatically enter — (_ower )
multiple values for
temperature and depth and

Geothermal Resource Lookup: My project

Location Infarmation

Enter street address and/or zip code ar latitude, longitude:

Retrieved Tempesge and Depth Data

. Lakitude: . Depth vs. Temp
do a run for each input T | | |
(called a “parametric” -
Depth {m) Temp {'C)

SimU|atiOn). 1 3500 164,564

2 (4500 219,125 o 5,000 1

3 5500 249,487 § T

<4 |6500 279,157

5 |[7500 305,199 \

6 3500 536,674 e , . , . , . ,

7 9500 352,535 1] 200 <400 EO0 200

Temp ('C)
Click on a row to apply the kempfdepth pair as the base case input

[ Copy to clipboard ] [ Make parametric simulation. . ] [ Close ]




Inputs — Plant and Equipment =

Here you can choose:

e How to specify the size
of the project:

$3 My project  x

Simulations  Developer

€ SAM 2011.5.23: untitled1

File Case Resuls

Help

(plant size vs. # of wells)

[ Select Technology and Market

] [ Geothermal, Independent Power Producer ]

System Summary

e What type of plant to
model (Binary vs. Flash)

Financing
Analysis: 30 years

Tax Credit Incentives

e How to calculate the
temperature decline

Payment Incentives

Annual Performance

Dregradation: 1 96 per wear
Avvailability: 100 %%

e Resource flow rate

Tatal Installed: § 55,976,253
Est. per Capacity (fkW: § 5,732

Resource

Ternp: 219'C
Drepth: 4500

Plant and Equipment

Plant Capacity: 15 MW
Cresign Temp: 219 'C

User ¥ariables

Geothermal System Costs

Energy Payment Dispatch

rPlant Configuration

15000 |k

<l (&) Specify plant autput:

(O Use exact number of wells:

Conversion Plant Type

Mumber of Wells in Analysis 241097 |wels

Actual Plant EFficiency 12,6329 |w-hr/lb

Gross Plant Qukput 16,9211 |Mw

(&) Binary Plant Efficiency % Met Plant Qutput 15 e
OFlash Subtype |Unc0nstrained Single Flash v |
Automatically set to resource temp
Enter Plant Design Temperature (EGS only) I:l'c Flant Design Temperature Z19 |'C
M rTemperature Decline Flash Technology

(&) 5pecify temp decline rate:
(O Calculate temp decline rate (EGS only)

Maz. temp decline before reservoir replacement 30

0.3 |%fyr

wet Bulb Temperature

Ambient Pressure 14.7 |psi

I's)

Parameters

Pump Efficiency
Pressure Difference Across Surface Equipment
Excess Pressure ak Pump Suction

Production ‘Well Diameter

Injection Well Diameter 10

Production \Well Flow Rate kats per well

%o
25 |psi

50.76 |psi
10 |inches

Production Pump Casing Size 9.625 |inches

inches

Pump Depth 22705 |ft

Pump Work, 1.92109 |Mw

Pump Size 1068.54 |hp

Messages:




Inputs — System Costs

Ele Case Resuls Simulations Developer Help

hree categories of costs: ;

Select Technology and Markst. [ Geothermal, Independent Power Producer ] (7]

System Summary Z
Number of wells to

Financing -3,
\"f‘; The number of production wells required is determined on the Geothermal Tatal Production Wells Required 241097
-
Anshysis: 30 years Plant page, Here you can decide if any of the corfirmation wells can be
used For production wells, and how many injection wells will be used in the % of Confirmation Wells Used fior Production 50 %
Tax Credit Incentives

£

lysis.
ﬁ s Number of Canfirmation el 1
Humber of Production Wels to be Driled 141087
- - - - Payment Incentives
- I reC I n I reC Ca I a Ratio of Injection Wels to Production Wels 0.5
Number of Injection Wells to be Driled 1.20548
Annual Performance
g - . Degradation: 19 per yasr Drilling and associated c
- D rI I I l Stl I I I l I atl OI I Aovaiabicy: 100 6 Cost multiplier Cost per el # of wells Drillng cost Hon-drillng cost Total
Geothermal System Costs (based on the cost of & production well
. e ) Exploration [ 05 || $zeie7m || 2|| ¢szsemmse || grsnoonno || gse8s47se |
Est. per Capadiy ()1 § 5,732 Confirmation [ 12][ $ezen173.02 || 2 |[ 1256034600 || g zsn00000 || §1z,810,348.08 |
-
Resource Cost curve
Tempi219'C Production = v|[ $semeree | 141007 || §7,384,270.51
= Dapth: 4500 m Injection Med ~ || $5233,477.52 1.20548 4 6,308,674.01
- l I I I l ps a I I ‘ a SI I lg Plant and Equipment E Production and Injection Wells to be Driled 261645 || §1369314452 || $250,00000 || §13,349, 14452 |

Plant Capacity: 15 MW

Design Tamp: 248°¢ Surface Equipment, Installation % 125,000.00 361645 § 452,056.54 452,056.54
Stimulation Cast 4 1,000,000.00 3.61645 $3,616,452.34 $3,616,452.34

User Variables * Plant Capital Cost
g

Energy Payment Dispatch

Plan Capacity | 169211 Jkw Cost| $1,800.00 [k Power Plant Cost | § 30,457,965.71

perating costs

Pump cost inp

Installation and Casing Cost $50.00 |gift Pump Depth | 2ms i [ $uasea |
Pump Cost $12,479.20 |$jhp Pump Size | 1685+ |hp | 407,927,538 |[ = $/hp xsart(hp) ]

# of Pumps Required __2.415'97 Cost of Pump __$ 521,452.45 Total Pump Cost _$ 1,257,205.28
- - -

ecapltalization costs ——————

Specified Recapitalization Cost | % 23,000,000.00 Tota Capie ot NS

[Ocalculate $23,000,000.00 Cortingency T ‘ ST

Hote: Caloulated recapitalization cost indludes driling costs, pump costs, and

surface equipment. When the reservoir temperature drops below an Tokal Direct Cost § 71,946,680, 34

allowable minimurn, new wells must be dhled and costs acacunted For in the

ot years of the snahysis. Total Installed Cost § 85,976,283.01
Total Installed Cost per Capacity (§ki) $5,73L.75

Indirect Capital €

% of Direct Cost Nan-fixed Cost Fixed Cost Total
Engineer, Procure, Canstruct 16:% [ $usiesas | | $0.00 | § 11,511,468.86
Project, Land, Miscellaneous ss% | | gzssiamer || §o.0 | $2,518,133.61
Sales Tax of 0% | applieste | 80 % | of Direct Cost $0.00

Total Indirect Cost § 14,029,602.67

[Operation and Mai e Costs
First Vear Cost Escalation Rate (above inflatian)
Fixed Annual Cost 0.00 [y 0%
Fixed Cost by Capacity 50.00 |4 kw-yr 0%
Yarisble Cast by Generation 0.00 | frih 0%
Fossil Fuel Cost 0.00 |${MMBTU 0%
Motes
1) Escalation rates do not apply bo O8M annual schedules, oy first year values, n
= = -Q- l] 2) Fossil fuel cost is not applicable to PY or Dish Stirling systems. Set to zero for these systems,
- o

[ <




Inputs — Financial Assumptions

Financial inputs are entered on three pages: Financing, Tax
Credit Incentives, and Payment Incentives

© SAM 2011.5.23: untitled]

File Case Results Simulations Dewveloper Help
&% My project ¢ ¥
Select Technology and Market. .. ] [ Geothermal, Independent Power Producer ] o
System Summary Z
rGeneral rTaxes and Insurance L
Financing % Anakysis Period years Federal Tax %,l’year
Analysis: 20 years Inflation Rate °.fo State Tax °.-’o,|’yaar
Tax Credit Incentives & Real Discount Rate °.-"o Sales Tax %
Maorninal Discount: Rate % Insurance % of install
Payment Incentives rSalvage Yalue rProperty Tax
et Salvage Value °.-"o of installed cost Assessed Percent % of install
nnual Performance End of Analysis Period Yalus Assessed Value | $85,976,283.01
Diegradation: 1% per year Assessed Yalue Decline %,l’year
Aovailability: 100 % Property Tax __1 00 |%fyear
Geothermal System Costs
Tatal Installed: § 55,976,283 Construction Period
Loan Percent of Up-front Manths Pror  Interest Rate Principal Amount Interest Tatal Co
Est., per Capacity (FlaM): § 5,732 Installed Costz Fee (96) 1o Cperation  (Annual) Financin
Resource Loan 1 0 0 0 0 $0.00 $0.00
Temp: 213'C Loan 2 1} 0 1} 0 $0.00 $0.00 1
Pepth: 4500 m Loan 3 i i i 0 $0.00 $0.00
Plant and Equipment Loan 4 il ] il 0 40,00 40,00
Plant Capacity: 15 M Laan 5 o 1} o 0 $0.00 4 0.00
Dasign Temp: 219 'C Takals: 1] $0.00 $0.00
Energy Payment Dispatch " Mote:  IF wou specify construction petiod loans, the sum of percentages in the Percent of Installed Costs colurnn must equal 100,
User Yariables * rLoan Parameters
- Installed Cost Loan Term years
Conskruction Financing Cosk Loan Rake %,l’year
Principal Amount Debt Fraction %
1o Mad,
Q ‘%,. 5 ? l]/ |—Snlutlnn Mode | 4
< | 3




Co-Production vs. Geothermal Power ]

Resource

— Co-Production model assumes a steady state for the
temperature of the resource, essentially expecting that the
heat recovered from the co-produced water has no impact
on the resource temperature

— Geothermal Power model expects temperature declines over
time and tries to account for costs necessary to replace the
resource

Parasitic Power

— Co-Production model simply calculates a possible electrical
generation capacity based on thermodynamics or
performance curves for existing generation units

— Geothermal Power model attempts to account for pumping
energy and associated costs




Choosing to model co-production

1) Click on “Geothermal”

2) Select the “Geothermal Co-Production” sub-category.
3) Click on “Commercial Market”

1. Select a technology: 2. Select a financing option:

e

Photovoltaics
Direct conversion of sunlight to electricity using salar cells,

Commercial
A project installed on a commearcial building that buys and =ells
alectricity at retail rates and qualifies for the acceleratad
depreciation tax benehit, The project cazh Aow is bazed on the
walue of electticity purchases offset by the renewable anergy
system, SAM calculates the project LCOE, MPY, and payback
petiod,

Mo Financials
@ Cnly system performance outputs are awailable since no financial

Concentrating Solar Power
CEP systerns use rirrors of lenses to
generate a heat source for convagd

Generic 5ystem analysis iz performned,
The sirnplest plant rnedel that uses 2 Narmeplate size and

capacity Factar or uzer supplied praduction prafile.

Solar Water Heating
Conwersion of sunlight to thermal energy For praducing
domestic hot water,

Wind
Wlind zysternz capture ensergy frarn blawing wind to tum the
blades of a windmill or torbine,

" Geothermal

Geathermal systems extract heat energy from the relatively
large haat content of the earth For conventional power cycles,

' Geothermal Power

Geotherrnal power plants generate electricity by
extracting heat stored within the earth,

" Geothermal Co-Production
Co-Producing geatharmnal heat with an ail ar gas well

" Geothermal Hourly
Experimental houdy geothermal model,

£

[ Ok H Cancel ]




Inputs — General Co-Production

SAM has two input pages specific to the Co-Production model: Resource
and Power Generation, and Co-Production Costs

All of the non-cost inputs
are entered on the
“Resource and Power
Generation” input page

© SAM 2011.5.23: untitled1

Elle Case Results

Simulations

&3 My project 3¢

System Summary
Utility Rate

Financing
Anahysis: 30 years

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 1% per yesr
Aailability 90 %

Resource and Power Generation
Co-Production Costs

Electric Load

Annual Energy: 0 kivh
Annual Peak: 0 ki

User ¥ariables

Developer  Help

1

%)

-

>
FA)

rSpecify Resource

Select Technology and Market [ Geothermal Co-Production, Commercial ]

Resource temperature 'F
Resource Flow Rate bbljday

[ 29.2 galfmin | 1.8 |lgis

rChoose how to model geothermal production

(%) Model power output theoretically

(O Model power output based on existing systems

Theoretical Model |th|\|zat\nn Efficiency - User Defined ~ ‘

Resource power potential [
[ Enter efficiency curve,..

Calculated efficiency @ resource temp 25.75 (%

(® size plant based on resource power potential

Plant design output l:lkw

Plant autlet temperature l:l'F
Ambient Temperature 'F

() specify plant design net autput

Existing System

Resaurce power pokential |:|kw

Size plank based on resource power potential

Specify the number of units

System is sized te match resource but uses thermnal efficiency curve based
on performance of existing system

Plant design autput l:lkw,iunlt
Number of units l:l

Cooling Water Temperature 'F

Plant design net output kW
Actual expected plant output et

Temperature ('C)

rGraph
Resource temperature vs. utilization efficiency - user defined
T T T T T T T T T T T T ™
e <trapolated values e g
s Clinterpolated values e 4
[Eluser defined values - gl
b resoutce temperature |, =" 1
5 =
=
gk 3
[
=
E ok 1
sb 1
0 1 1 1 1 Il Il 1 1 1 Il Il Il Il
a0 a0 100 110 120 130 140 150 160 170 180 130 200




Inputs — Costs for Co-Production

SAM’s Co-Production Cost input page contains inputs for capital and

O&M costs

& SAM 2011.5.23: untitled1

&3 My project

System Summary
Utility Rate

Financing
Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Annual Performance

Degradation: 1 % per year
awsilability: 30 9

Resource and Power Generation

Co-Production Costs

Electric Load

annual Energy 0 kit
Annual Peak: 0 ki

User Yariables

4
e

File Case Results Simulations Developer

Help

> ¥ MM

Select Technology and Market, .. | [ Geothermal Co-Production, Commetcial ]

rDirect capital costs
Plant design net power output

Installed plant cost per net powert output (typical)

Installed plant cost

I8 k'

$5,250,00 |$fkw

rOther Costs

Extra installation costs {remote or difficult to reach location, ete.)
Extra piping, storage tank, other infrastructure costs
Transmission line costs

Plant permitting costs

Transmission agreements and PP& costs

Cther Legal Costs

Total other costs

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0.00

rTotal installed costs
Total installed cost

Estimated total installed plant cost per net power oukput ($ku)

$198,332,93
$5,250,00

rOperation and Maintenance Costs

First ¥ear Cost

Fixed Annual Cost = $,|’yr
Fixed Cost by Capacity $,l’kW-yr
Variable Cost by Generation I m $Mwh
Fossil Fusl Cost TEM 0,00 [5/MMBTU

Escalation Rate (above inflation)

Motes
1) Escalation rates do not apply to O&M annual schedules, anly first year values,

) Fossil Fuel cost is not applicable ko PY or Dish Stirling systems, Set to zero For these systems,
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Running the model

Click the green arrow on the bottom left to run the model

@ SAM 2011.5.23: untitled]

&2 My project

File Case Resuls Simulations Developer Help

Select Technology and Market

] [ Geothermal, Independent Power Producer ]

System Summary

Financing
Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Geothermal System Costs

Total Installed: 125,079,845
Est, per Gapacity ($5W0: § 9,005

Resource

Tarnp: 200 'C
Crapth: £000 m

Plant and Equipment

Plant Capacity: 15 MW
Dresign Temp: 200 'C

Energy Payment Dispatch

User ¥ariables

Z rResource Characterization

() Hydrothermal

R Type:
F0UICE Typs (D) Enhanced Geathermal System (EGS)

[ Lookup temp and depth For a location. ..

Total Resource Pokential 210 M

Resource Temperature 200 |'C

Resource Depth 6000 |m

rReservoir Parameters
(Z)Enker change in pressure across the reservoir in uniks of psi-h per 1000 1b:
(0) Caleulate the reservair pressure change using simple fracture Flow (£G5S only)

(%) Calculate the reservair pressure change using permeability * area

Permeability Darcy units
E Distance From Injection to Production Wells m

Fracture aperature 0.0004 |m
Mumber of fractures
Fracture width 175 |m
Fracture angle 15 |deq from horizontal

Subsurface water loss 2 % of water injected

J1111

rCalculated Design

" Pressure change across reservair |
Awverage reservoir bemperature |
-

Production well bottormn hale pressure |

951,764 |psi | 65,6218 |bar
sz [F | 200 |'c
£942.54 |psi | 478.692 |bar

Messages:




Default Result Page

When SAM completes the model run, it will default to display graphic results

You can always see
the most current set
of results by clicking
on the “Results”
button

When showing
results, SAM
displays basic
metrics on the
bottom left

€ SAM 2011.5.23: untitled?

File Case Results Simulations Developer Help

&3 My project >

Select Technology and Market. .. ] [ Geothermal, Independent Power Producer ]

System Summary

Financing

Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Tatal Installe

Est. per Capacity [§,
Resource

Temp: 200 'C
Creptht £000 1

Plant and Equipment

s i iF
2 — i] View Graphs and Charts u Biase Case Cashflow Tabular Data Browser

ermal System Costs 1

D

Metric Base

Plant Output in 1st ¥r
Plant Lifetime Output
Average Annual Oukput
Lifetime Capacity Factor
Plant Brine EFfectiveness
Pumping Power

First wear PRA price
LCCE Mominal

LCOE Real

After-tax IRR.

Pre-tax min DSCR
After-tax NPY

PP price escalation
Dbt Fraction

130,975,362 kWwh
3,464,947,553 kiwh
115,495,252 kiwh
579 %

11.28 w-hrjlb
1.26 w-hrflb
10,41 kb
11.57 dikiwh
.93 ¢flkwh
15.00 %

1.75

$ 20,085,623 .58
1,20 %

EEX

¥

40,00 %

[ Add anew graph. .. ] [ Edit... ] [ Remave ] [ Remaowe Al ] Copy Graph Data ] [ Shaw Graph Data
LCOE (Base Case)
1@F T T T T =
LCOE Real
16 Lo real-wio incentives) =
[CILCOE Mominal
L CE nom-w)o incentives)
14 -
12+ —
10— —
E
=
]
=
ooEr T
. 4
4l 4
2| 4
a L

LCOE Real LCOE(real-wla incentives)

LCDE (Base Case)

caha/RINh

LCTED e OO (e

i =

"
LCOE Mominal

LEOEnom-y /o incentives)

After Tax Cashflow (Base | Annual Output (Base Case] Lifetime Performance (Bas

Well Ternperature |

First Year Er ‘:




Results — Default Graphs w

LCOE {Base Case)

SAM creates several «F giotr— ' ' - :

CILCoEreal-wio incentives)
12 = [TLCOE Maminal b

g ra p h S by d efa u It’ L COE(nom-w/n incentives)

10} _
showing financial and : of ;
. E sl ]
energy generation results _
2k _
0 LS OE Real LCOE(rea|-W.:’o incentives)  LCCE I\Ilominal LCOEmom-w o incentives)
after Tax Cashflow {Base Case) ’ Annual Output {Base Case) )
LN T T T T L L L UL L UL L 3':":'_,':":":' r T LI T 1 LI T 1 LI T T T T T T 1 T 1 T T T T T T T T T 1 T ]
40,000,000 | e
250,000 -
20,000,000 [ _ ]
ol I.ll-____ _________ EEEEEEEEEE 200,000 - 7
= ]
20,0000 | _ E 150000 |- -]
40,000,000 i 100,000 _
-£0,000,000 [ . E0,000 - _
80,000,000 [ [ [ [ [ [ [ [ [ [ S B |

[ [ S [N [ [N
012 245 & F & 3 10111213 1415 16 17 18 1920 21 22 23 24 20 26 2F 28 29 20 012 23456 78 9101112 1314151617 18192021 2223 2425 2627 282920



Results — Tabular Cash Flow

Numeric values can easily be viewed and exported

Select

“Base Case Cashflow”
or

“Tabular Data Browser”
to view numeric data

= SA () b =1
File Case Results Simulations Reports Developer

&3 My project X

Select Technology and Market. ..

System Summary

Financing ;;—a

Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Annual Performance

Dregradation: 0 %6 per year
Ay ailabiliey: 93 9%

Geothermal System Costs

Total Installed: § 89,852,879 —
Est. per Capacity (3k): § 5,990

Resource ‘
Ternp: 250 'C k

| ij
= =- .Q, 3

Plant Cutput in st ¥r 130,974,463 kwh
Flant Lifetime Output 3,448,861,192 kwh
Average Annual Oukput 114,962,040 kwh

Lifetime Capacity Factor 87.5 %

Flart Brine Effectiveness | 14.75 w-hr/lb
Purnping Power 1,35 w-hr/lb
First wear PPA price 7.88 ¢flavh
LCOE Mominal .76 tikwh
LCOE Real 6,80 ¢fkwh
After-tax IRR 15.00 %
Pre-tax min DSCR 1.78

After-tax MPY
PP price escalation
Debt Fraction

§ 14,149,467,39
1.20 %
40,00 %

] [ Geothermal, Independent Power Producer ]

L]
Help
¥
E ij Wiews Graphs and Charts Base Case Cashflow IE Tabular Data Browser
[ Copy to clipboard ] [ Save as C5V.. ] [ Send to Excel
0 1 2 3 4 ~
Energy (k¥h) 0 121,806,251 120,938,356 120,057,788 119,165,362 118,
Energy Price ($/kwh}) i} 0,079 0.03 0.081 0,052
Energy Yalue ($) 0 9,597,443.37 9,643,405.53  9,685,071.68 9,731,449,99 9,77 —
Dperating Expenses
Recapitalization i} i} 1] i} i}
Fized 0&M Annual o a 0 0 a
Fixed D&M 0 750,000 768,750 787,968.75 507,667.97 g2
Yariable D&M i} i} 1] ] i}
Fuel D&M 0 0 1] 1] 1]
Insurance 0 §93,525.79 920,992.01 944,016,581 967,617.23 a9
Property Assessed Yalue 0| §9,852,5878.67 §9,652,678,687 | §9,802,070.87 | §9,802,575.867 £9,85
Property Taxes 0 893,5258,79 898,528.79 8948,528.79 5898,528.79 o
Netk Salvage ¥alue i} i} 1] i} i}
Total Operating Expenses 0 2,547,057.58 2,586,270.6 2,630,514.35 Z,673,813.99 271
Dperating Income 0 7,050,355.5 7,085,157.51 7,057,557.533 7,057,636.01 7,0
Financing
Debt Balance 0-35,941,151.55 -35,155,7558 -34,307,532.97 -33,391,449,93 32,40
Debt Interest Payment 0 2,575,292.12 2,812,460.64 2,744,602.64 2,671,315.99 2,59
Debt Repayment 0 7i3,393.55 G485,225.03 916,053.04 959,369,645 1,06
Debt Total Payment 0 3,660,685.67 3,660,685.67 3,660,685.67 3,660,685.67 3,660
Federal IBI a
State IBI o
Utility IBI 1]
Other IBI o
Total IBI 1]
Federal CBI o
State CBI 1]
Utility CBI o




Results — Tabular Data Browser L~

Numeric values can easily be viewed and exported

€ SAM 2011.5.23: untitled?

File Case Results Simulations Developer Help
&2 My project X ¥
Select Technology and Market.,, | [ Geothermal, Independent Power Producer ] Q
- . —
System Summary 2 - lj Yiew Graphs and Charts ‘j Base Case Cashflow ﬁ Tabular Data Browser
Financing e ‘:E- Choose Simulation: |Base Case hd | [ Copy to clipboard ] [ Sawe as C5v, ., ] E
Analysis: 30 years = Qutput variables “ After Tax Cashflow | Cumulative kWh/kw ~
Tax Credit Incentives & Metrics 1 -5.10479e+007 o
ﬁ & Monthly Data 2 5.71805e+007 873160
_ & Data: 30 values 3 1.30257e+007 17401 .4
Payment Incentives ElL g/ nnual Data 4 5,52947e+006 26008.6
7 After Tax Cashflow 5 6.956688-+006 34552.4
¥ Cumulative kidthfkif 6 £.918242+006 43032.4
Geothermal System Costs [ F EEEE IBat'a”CBt . . 7 3,01575e+006 51448
. ebt Interest Paymen —
Total Installed: § 135,079,845 - [T Debt Repavment 8 ;;;ggze+gg: 2:;22;
Est. per Capacity (£ § 9,005 [~ Debt Tatal Pavment 9 . e+ .
_ w ™ Energy (kwh) 10 2,29792e+006 76303.3
I— Energy Price ($|Ilkwh) 11 2.23056e+006 Hdd56.4
|- i] s ™ Energy Yalue ($) 12 2.156382+006 92542.9
e =- ,C , T I Energy dispatched in perin | (13 2,074%58e-+006 100562
[T Erergy dispatched in perio 14 1.965528+006 108515
[" Energy dispatched in perio 15 1.88873=+006 116400
Plant Output in 1sk Yr 130,975,362 kiwh [T Energy dispatched in petio 16 1.75289+006 124217
Flant Lifetime Cutput 3,464,947,553 kwh [T Energy dispatched in perio 17 1.66786e+006 131966
Average Annual Oukput 115,498,252 kWh [T Energy dispatched in perio 18 1.41151e+006 139540
o~ ; - ) ) i
Llfetlme.Capanty.Factor 37,9 % [~ Energy dispatched in perio 19 12393564006 147018
Flant Brine Effectiveness | 11.28 w-hr/lb ™ Energy dispatched in perio
Pumping Pover 1.26 w-hrflb - ¥ . P o P 20 1.0809e+006 154419
: Ener ispatched in perio
First vear PPA price 10,41 §Jkiwh e g e eod E h 21 11349 161743
LCOE Nominal 11.57 §/kiivh - E”erg"’ ge”erate . n Ap” | = £.233155+006 168995
LCOE Real 3.98 ¢ /kwh MErgy generate . nAug: g £.19252e+H006 176172
ffeer-tax IRR 15.00 % I|: E:Z:QY g:::::: . :: E:;i' 74 &.150452-+006 183275 1
Pre-tax min DSCR 1.75 r Energ: Eenerated in 1anue ) |25 £.10655e-+H106 190305
- L
P”‘;fr tan MPY — ’f 22°DJ285*623'53 P | s |26 &.06 1 79e+006 197264
price escalation . o — =
Dbt Fraction 40,00 % lear al 27 5,01512e+006 204150
28 5.96685e+006 210966 v
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Advanced Topics — Simulations w

Most advanced modeling techniques are accessed
through the “Simulations” menu, or the “"Configure
Simulations” button on the bottom left

' SA i e i |
File Case Results Simulations Developer Help

¥ My project ¥

Select Technology and Market. .. ] [ Geothermal, Independent Power Producer ] 9

2 i -

> ® 7 8 & F ®

Financing _‘,—; - Parametrics Sensitivity Optimization Skatistical Multiple Systems Excel Exchange Simulator Options

Analysis: 30 years ‘}ﬂ [ Add Parametric Simulation ] [ Clear Al ]

Tax Credit Incentives

Parametric Simulation Setup " N
Remove Simulation

Variables: [ Add ] [ Remaove ] Selected Yariable Values: Edit

Geothermal Resource/Resource Depth [Linked]
Geothermal Resource/Resource Temperature [Linked]
Geothermal Plant and Equipment/Plant Design Temperat

Payment Incentives Enable this simulation

Annual Performance

Dregradation: 1 % per year
Avvailabilivy: 100 %6

Geothermal System Costs

Setup Linkages. .. Up Do

Total Installed: § £3,146,820
Est, per Capacity (FRA0: 4,210

Resource

Ternp: 200 'C
Drepth: 2000 m

Plant and Equipment

Plant Capacity: 15 MW
Dresign Ternp: 200 'C

CO nfi g u re Energy Payment Dispatch
Si m u Iati O n s User Yariables
button




Advanced Topics - Uncertainty w

Real LCOE

Cost by capacity=1200 [+ 10%)

Graphic outputs
fro m u n Ce rta i n ty Fived Cost by Capacity=50 (+f- 10%) |-
modeling in SAM

Installation Cost per turbine=15000 (+- 109 [

IiLCOE Real, Inputs Reduced
O

LCOE Real, Inputs Increased -

1 1 | | 1 | 1 | | | | 1
EF E.8 %] 7 kst .2 73 T4 75 T 7 e

Levelized Cost of Energy (fkiwh)

LCOE, Annual Energy vs. Resource Depth

ELCOE Real ' ' ' ' ' ' — 130,380,
[l annual Energy (kwh) ] ) -
1 LCOE Real Histogram,/CDF (Stat. 1)
— 130,970, ; ; ; ; T r —1
20k ]
] LCOE Real
130,360, 1501~ |lEstimated COF oz
= ]
2 J1z0,980
s ] 1o |- 1
= ]
e J1z0,9a0 =
A : 5 T4 u
b ] 3 i}
har’ — 130,330, g tol Y
ujs i oz
130,320,
] ] 0
J1z0,910
1 1 1 1 1 1 1 ]

3500 4500 SO0 EE00 FEon 2500 500

£
Len]
i)
=t
w4
Resource Depth {meters) =

40910 9.3

[
« o
oo oo
=] =]
+ +
o

= 3
L= L=

75910 7.8

LZOE Real



Advanced Topics - Other

Excel Exchange (Linking with Excel on Windows)
— Use Excel to calculate input values for SAM to use in analysis
— e.g. costs could be calculated externally in detailed spreadsheet
and automatically updated on SAM’s cost input page
Scripting — SAMUL
— A language, similar to VBA, that allows a user to control SAM runs
— Easier than using the full API, since no external development
environment is necessary
API
— SAM has a full featured Application Programming Interface

— SAM will generate example code in C, VBA, Phython, and Matlab
to show how to run a SAM analysis

See help and sample files for more information




Thank You! L~

SAM Geothermal Analysis
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